A COMPARATIVE ANALYSIS OF EOCENE/OLIGOCENE BOUNDARY OSTRACODA
FROM SOUTHEASTERN AUSTRALIA AND INDIA WITH RESPECT 10 THEIR

USEFULNESS AS INDICATORS OF PETROLEUM POTENTIAL
by K. Gi. McKEeNZIE* & D, K, GuHAt

Summary
Mekenze, Ko G & Guiex, DK (19870 A vompracdtive analysis 0 Loesne/Oligocene boundary
Qurracodda from southeadstern Ausiraliv wd Mndia with respecr 40 their usefulness 15 indientars of
netroleum porential, Truay. K. Sov. S. Ausr. 111()), 15-23, 29 May, 1987,

Focene/Oligocene bounday y Ostracada were gnalvsed from seleeted wells in the Adclaide Plains Sub-
Basus, Soath Australiv und Cambay Basin, India. Source-tock characteristics of the sequences were
determined  based mainly on ostracode parameters, with wome additional imformation coming from
their glauconite and gypsum content. Numerically sisnilar ostracode counts were made for hoth sets of
samples. The parameters studied were: curapaces/valves ratio; adolts/ juiveniles ratio: perceatage of fragienis;
percentage of criished. and woih specimens; Kritfie iype; pereentage of pyritised specitnens.

Results (which concur with exploration resalts fo date) indicars thar the Facene/ Qligacene boundary
rone sedimnents have Jittle petrofeum poutential in South Australia, but high potential m india This conctusan -
was largely teinforced when the Sauth Austratian berelwoke Ostrucods wene asabysed in mare detail. Consistent
fesults were also obimed when the sione parameters were determined for Ostracoda in outerop samples
collected from Aldinga Bay, Suuth Ausiradia,

K1y Warbs: Osirseoda, petrofcim indives, Eocene/Oligocene boundary, Soull Ausiralia, Indid.

Introduction

Duting Seplember-October 1983, one of us
{(12.K.€i.) visiled Australia under the aegis of the
Austratiz-India Science and Technology Agreement
10 study the Terriary ostracode microfaunas ot
suutheustern Australia for comparison  with
ostracodes in Indian Tertiary sequences. The senior
author (K, G.MJ}acted as host lor the visit and g
oo-nperative project was initiated,

We soon decided on the Eocenc/Oligocene
houndary zone because it wav well undersiood bath
in India and Australia and was known 10 be
nuportant for petroleum exploration in muny parts
af the world (Pomerol & Premoli-Silva 1980),
including India (Guha & Pandey 1980}, Australia
(Douglas & Fergnson 1978) and China (Hou 1982),
Our objective in the comparative study was to
determine the respective petroleum potennals of
s¢lected  Roceue/Ohgocene seyuences  from
Australia and India hy using ostracode-based
paramcters developed by Pakorny (19657 and
Oerttll £1971) and rested recently by Guha (1983),
plus some other ostracode (Peypouquer 1979) and
sedimenttary characteristics regarded by us as
pertinént,

It seemed to us thar the maost pragmatic test of
the relevance of the study parameters would be to
deteemine them Tor wellsite samples. Nevertheless,

* Riverina-Nhsrray Institinie of Higher Fducatioh, Wagpa
Wagpa, NSW 2650,

i ?i(l!_and Natural Gus Commission, Bombay, 400078,
ndia,

examintlion ol numetous outcrop -samples,

including several collected by us both on a bricf
field excursion during October 1983 10 Aldings
Bay, South Austrajia, made it clear that putetop
material would also vield consistent results. Of the
ploncering studivs in this methodology that by
Pokorny (19653) was based mainly on outerop
samples bur included specimens from two
horeholes, whereas Oertl (1971) worked exclusively
with wellstte samples. In our study, Guha
determined the selected parameters for mne samples
from the Cambay Well, Cambay Basin, India,
while MeKenzie deternined them for the South
Auvstralian Depariment ol Mines and bnerpy
{SADME) Light | Well, in the Adelaide Plains Sub-
Basit, South Auswalia; and also for the outcrop
samiples:

‘Siratigraphic Summary and Materlal

South Ausiralia

e Adelaide Plaias Sub-Basin {5 part of the St
Vincenmt Basin (Fig. 3, locality 1), It has been
extensively drilled to develop the groundwarer
resources of the Adelade repion Tor which it
contains. twy of the pribeipal wguilers.
Consequently, the subsurface stratigraphy is well
understood (Lindsav 1969, 1985). The Palaeogene
sedimenls include both marine and continental
sands, marine limesiones and matls. They indicawe
alternating shallow marine {inshore 10 outer sheil),
transitional and  fluvie-lacustripe  Palagogene
palacocavironments (Lindsay 1969, Cooper 1985;
Harris 1985).
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Fig. |, Locatity map of South Australia indicating the
locaions ot: 1 the SADME Lighl No..1 Well {about
13R“26'E, Long,, 34° 26'S. Lal.); and 2; the Maslin
Buy/Aldinga Bay coastal section of the Willunga
Embayment (hachured) of 1he St Viacent Gulf Basin
(Jashed -putline). Scale bar = 20 kni.. The general
lacation is artowed on the inset map of Australia,

The SADMELight | Well {reference bore d, core
U of Lindsay 1969), is particularly noteworthy
hecause It contains, in a cored interval, the
Eocene/Oligocene boundary as estimated by
Lindsay (1969, 1985) ncar the base of dark grey,
cherty caleareous siltstones forming the “siliceous
uiiit™ of Port Willunga Formation — the Ruwarune
Member ol Cooper {1977, 1979, Below this le
cquivalenis of the latest Eocenc, basal Aldinga
Member of Part Willunga Formation, comprising
calcareous mudsione, greensand and sillstone; grey-
brown speckled greén, glauconitic, pyritic,
carbonaeenis, shelly; in part with very fine quartz
sand. Bepeath a regressive pebbly sand carrelated
with Chinaman Gully Formation {Lindsay 1983),
Fig. 1), an abbreviaied interval cquivalent 1o basal
Blauche Point Formation (Lindsay 1968!, 1969)
tests on, and [ills, fracturés jn probably Proterozoic
quartzife (Cornish 19642}, Our material includes
seven samples supplied by J; M Lindsay (SADME)

! Lindsay, 1. M. {1968} #alacontoopy and stratigraphy.
Apprndin: €, Vol. 1, /n Northern Adelawde Plains
graundwater study o) May 1968, 2 vols, Dept pf Mines
and Energy Repott 677123 (uipubl )

trom the Eocene/Oligocenc boundary zone ui this
well.. i.e. from basal Ruwaruog Member pnd
uppermost Aldinga Member of Port Willuiiga
Formation.

Totdl depth of the SADME Lieht 1 Well was
1719 m. The seven samples provided 10 us ftomn
core 1 came from (he following depths: 139.7-139.8
m; 139.8-140.1 my 141 4=141.2 m; 142.2-142,3 my;
14231429 my 142.75-142.85 g qndd (43,2-143,3 1.
The Eocene/Oligocenc boundary as determined by
Lindsay (1969} livs between 1412 and 1422 m in
this borehole,

Aspects ol the regionsl siatigraphy  were
described in detail by Cooper (1979} in lig <iidv
of the Willunga Embavmeit bused on hores and
the clgssic coastal seerion [Fig, 1. Towtlity 2,
Cooper (1979) concludes thar the Willunya
Embayment was a structurally controlled palpea-
bay for much ot the Cainozoic. Sedimentation in
this embayment ol 1the ¢astern St Vineent Basin
began in the Middle Eocene with [luvial sands and
intermiltent carbonaceous swampy scdiments
(North Maslin Sands), In the Adelaide Plaing Sub.
Basin, where SADME Light 1 is located, lignitic
Clinton Formation sediments were depasited next,
Tollowed by the apsct of muaring Iransgression
(South Maslin Sands) involving reworking of the
earlier Muvianle sands as well as deposition of intet-
digitating marine and fluvio-lacustrine sandy
scdiments. Further trunggression was ntarked by
high cnergy bioclastic himestones tich in goethiie
pelets (Tortachilla Limestone) overlain by
elavconitic, spicular and marly clays and silis
{Blanche Point Formation) as the rransgression
attained its maximum level during the L ate Eocene,
Seasonal upwellings probubly characterised this
interval. There followed & brief 1eégression
{Chiramun Gully Formation) but then marine
conditions returned (Port Willunga Formation).
The sediments indicate infand 10 coastal lateral
facics variations trom non-moarine and marginal
sands o richly fossilifefous marine carbonates.
Such facies persisted from latest Edeene throughout
the Oligoceie alid into the Miocene {Lindsay 1967,
1969, 1985; Cooper 1979, Qur malcrial includes
four outerop samples [ron the Eocene/Qligocene
boundary vone (Lindsay 1967: Lindsay &
McGowran 1986) in the coastal section at Alding
Bay (Fig, 1, locality 2),

Jadia

The Cambay Basin (Fig. 2) bas India’s largest
onshare niltields and is ranked secand. after the

2 Cortiish, B. E, (1964 Liehl No, | Well ampletion
repatd, Depl. tf Mines cepar 5071 (3 (unpubl j.
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Yig, 2. Lovality map of India indicating the Cambay Basin
{hachared) and the focaiion of the Cambay Wel {72¢
o'k Long., 227 22'N. Lat,), Seald bar — 400 Kui,

Rombay offshore vegion in terms of reserves of
tiydrocarbons (Guha 1983). Not surptisingly, it has
been studicd in considerisble detatl and  Lhe
Palaeogene sequence is confidently correlated and
biczoned, based mainly on foraminifers.
Palacoccological  asilyses indicate allerniting
shallow tnarine (inner to outer shelf) and
transitional depositional cnvirommnents tor the
Basin during the Pulscogene (Guhiz & Singh 1980).

The Cambay Well is one of several thar were
drilled 10- about 2000-3000 m depthy awvith the
primary’ objectivé of determining the basinal
lithostratigraphy . 1t bottonted in Laie Cretiaceous
husalts of the Deccan Trap. The Eocene/Oligocenc
houndary in the Cambay arca occurs in the Tarapur
Shale {Late Eocene-Oligocene} which in this weil
overlies Cambay Shale (Laly-Middle Gogene), The
intervening Vaso Formation (Middle-Late Eocenc)
which is usually unfossiliferous was not identilied
i the Cambay Well {(Guhia 1 unpubl,),

The Tarapur Shale 1s variegated, prey-greenish
1o light brown, soft 1o fuirly hard and pourly lissile.
It is characterised hy thick intercalations of
quartzose,. fine-medium but occaslonally coarse-
reained sandstones und, in the Cambay area, by
thinintercutations of limesiune near its base, The
anderlying Cambay Shale is dairk-coloured.

bituminous, moderately hard 1o fissile, with
occasional siltstone beds (Guha & Singh 1950),
Guha examined $ix samples from the Tavapur Shale
and three from the Cambay Shale,

Total depth of the Cambay Well was about 2500
. The 9 samples available to us came from the
following deprhs: 15200 m; 1530 m; 1538 m: 1545 m;
1550 ni; 1555 m (Tarapur Shale); and 1570 m:
L5885 m; 1605 m (Canibay Shale), The
Eocene/Oligocene boundary lies at about 1540 m
in this well,

'here is considerable support lor an Oligacene
prospect from the offshore Cambay Rasin, Guha
& Pandey (1980) in a study based mainly on 1he
Tarapur Oltshore Well-and ncorporating micro-
taunal, palynofogical, lithologic and clectric log
analyses interpreted the interval ubuve the dis-
appearance of Hanikeninag (Late Eocene foram.
imiteral datum) as. beginning in deeper marine
basinal fucies und procecding upwards (above an
unconformity/disconformity) into two alternating
repressive — estuanine and terrestrnal — and
iransgressive — shallow marine — cycles befure 1he
appeatunce of a characteristic Lower Miocene
assemblage. Except for the final (younger) shallow
marine trunsgression there is good evidence for
abundani organic matter in ¢wxinic deeper facics
and in shallow deltaic and paludal facies also
characienised by rapid sedimentation and burial
(Guha & Pandey 1980).

Methodology: Ostracnde and Other Parameters

Carapaces/ Vulves ratin

Use of this ratio to yicld palacoccological
mformation was pionecred by Pokorny (1963) in
a wide-ranging paper which also dealt with the
implications of changing sex ratios and variations
in shell ornament. The changing sex ratio parameter
has not yet been tirned to account for petrolevm
eaploration, On the other hand, many variations
in shell ornament are now interpreted in terms of
the rhopic tactor {(Peypouquet, ef al. 1982) and can
be used in sutable facies 10 suggest prosence or
absence of upwelling (MoKenvie & Peypouquet
1984) which, in turn, is linked 10 the abundance
of organic matier.

Qetli (1971) reviewed Pokorny™s work arnd
related the carapaces/valves ratio to potential l'os
the formation of hydrocarbons. Ih.sumnuiry, when
the ratio is high, rapid sedimentation — which
minimises disarticulation of carapaces lito sepasaie
valves — s sndicauted; and with sulficiently tapid
hurial argani¢c matter-is not absorbed by mineral
particles and so rerains the potential far conversion
intw hydrocarbuns.
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Adulis/ hivenlles raiio

(0 umy inlerprelation. of a palaeoenvironment
winelt s based pn multispecies assemblages 1t §s
essenoul 1o separdie the antochthonous ront the
allochibonous Bninal elements. Ostracoda are ane
af the proups in which this separation is schicved
rapidly because Ihey ol [requently in progiessing
io adulihood and hecause juvenile shells, being ulso
calcarcous, areusually preserved.. Reyvinent (1971}
tiscusvay in derail 1he preparation of a lire 1able
in order towmderstund the population dynamics of
species, We note that juvenile mortaliny. is ulways
high in his examples based on gutochihonous
Osirgcoda, Therelore, the adulis/juveniles ratio
should indigate a dominant percentage of juveniles
in autochthonous lossil populitions, but be heavily
biassed towards either adulis only or juveniies only
for allochthonons taxa. Such biases dre interpreted
most reasonably as post marfem soriing e facts, Of
cuurse, in some environments, €.2. shotcelines, post
morten sorting is characteristie for all fossils,
autochthonous as well as allochthonous, Thus, o
be useful as a positive indicator ol petrolevn
potential, a Tetatively low adults/juveniles ratio
needs 1o be linked with & high carapaces/vitlves
ratia, This is hecause the toter indicates rapid
scedimentavon, which rends 10 minumse sorting,

Fercentuee of fragmevns

This useful paramerer 18 usually ignored by
wurkers mubing upi assemblapges slides who tend (o
pick whole spevimens, The percentage o) fraginents
i« simple to obtnin: two Of three counts ul 100
shecimens, inclusive of all itagmentary ones, being
suflicient (o cstimale it reaspnably for any washed
sample, Obviously, care must be exercised 10 avoid

dumaging specimens  during preparation ol

washings; and the parameter cannot be used
cotiveniently with indurated sediments,

When there iy a significant peroentaee of
lcagmenls. it implics a high energy enwvironiment.
Low percensipes indicate Jow chet gy envirogments
or glsz rapid sadimenation,

Crushed or worn specivoens

Commonsense sugpests  that,  wherg
amochthorious taxa aré copcerned, worn or
abraded specimens are indlcative o1 high eneérgy
cnvironments and slow cedimenatian. For
allochitons; abrasion is unother pargmeter by
which thenr allochthunons provenance can be
interpreicd — in the case where autnchibonons
specics arc well proserved (not abraded). On the
other hund, crushed speocimens are associated
typically with hine grained muddy and marly
offshore sediments. When abunddnt they arc
interprered as tndicaring considerable vompaction

MeRENZIE X0, K OLTA

pressure, {8 might be catised, for example, by rapd
oifshore sedimentation,

Kilthe and Purikeithe

The podocapid ostrucode eonera Keilhie and
Paraketihe are used as palacoccologie indices by
Peypouquer (1977, 1979) and others ta interpret (he
palacohydralogy of marine sediments, in particalaf
palacodepths bur also dissolved oxypen (0s)
comtenly lowml supply (nuirient) and upwellings.
Peypnuget’s hypothesis s that the size of 1he
vestibute in the non-caleilied inner kymiclla i Krithe
and Purakrithe 1s moré nr lesh inversely
proportional o the dissolved Qs content o) 1he
ambient seawater,

Peypouquel (1977) proposed o physiological
explanarion based on 1he Anown inverse
relationshlp in crustaceans betweent external
dissifved (x and araanism haemozlobln (HBY, In
wonrrent review, McKenzle (1986) considered Lhe
effects upon HB of wveral other environmental
factors and found thal thosewhich were significamt
— pH. food supply and suhstrate lerrowe iron —
would all alfect HB synthesis in the same directjon
as dissolved ., This result reinforves the
hypothesis, Recemly Aladin (1983, 1984} used
milerocryoscopical techniques lo show bia-
chemically thai HR regulmivn b pudocopid
Ostracoda oceurs prohably via salt sequestration
in the non~calciniedt membraneaus part of the innet
lamella. This is previsely the site which Peypouguet
(1977, 1979) byphothesised would reflecc 1B
respunse by Krithe and Purakrithe (o dissolved O
variations, The' hypothesis has  been .lppllcd
{euit l'ulI) in inter preting several palagoenvironmienis
ranging in age from. Manstrichtisn o Miocens
(l)mn'e ot gl 1982, Peypouguet ¢ ol 1982:
MceRenzie & Peypouquet 1984,

Pyrite wnad Gypsun

In oceanic sediments, sulphur is about cyually
divided beiween saiphate and solphidéespecies. The
fryctionation from sulphate to sulphide
{pyritisunion) s due ro desulfohactenal ailphate
teduction, The gectrrence of pyritisation in &
palacocnvironment 14 readily Inlerpreted by
reference 1o its microfavna. For Ostrucoda.
pyritisation is indicated by u signifient percentage
ol brownish 1o blackish valves and carapacys
Oceasional specimiens glisten with pyote which is
the diagenetic oajdised stity of the primary reduced
ferrous sulphide that stains/permeates shells to
produce the thagnostic coloration

Gypsum is the predominant form of salphatein
naring sediments where it is @ companent i =
glohal carhanssulphur redox svifem that
incorpordtes carbonates, sulphates, ssiphides ard
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organic- carhbon (Garrels & Lermtan 1984). In
weathered utcrops, its presence is signalled by
clumps of relatively b ge and often frugite gvpsum
erystals; but in saweatbered sediments it can oocur
as [preshmably diagenetic) microspherulites. 'The
laler were recorded, for example, in the Miocene
Fyansfurd Formation, collected ar Balcoinbe Bay,
near Mortuington, Victoria (McKenaie &
Peypouguet 19841 wypsum crystals are common
I weathered oulerops a1 The same locality.

When marine sedimeniary scquences carry
ahundanr sulphate/sulphide, their palaco-
cuviranment s mterprefed as. having been
deoxygenated aind sirangly reducing in the presence
of abundant decaying organic matter and
ontueestibigl plus seawater  sulphate. This
interpretiadion derives from their sulphide content,
Even when diagenesis and wesntheriug have ted
wainly 1o Yormation by oxidative proeesses of the
sulphite gypsini, the shuncd shells of the
microfauna are palimpsests of a  depositional
reducing  palaecenvicamment. A reducing
cuviranment, churscierised also by rapid
sedimentution/burial, inhibits exidation ol urganic
matter hydrocarbons and, wnder appropriate depth
of Wupal and lemperature conditions, yields
petrplenm,

Glauconite

Alaconiteis an sasily Fecoghisable green iron-
bearing silicate wihich 1s associared with stable outer
shelt covivonmenis, slow  sedimentation,
moderately anuerobic conditans on the botlom,
and a larpe amount ol decayjug organic matter,
Often, it aceurs together with perte. (s siemificance
in source rock terpretanion slemys from the
assoclation with slow, even negative, sedimentaiion
because under suche conditions organic matter
hecomes oxidised. aid is na ltonger available 1o
generate hydrocalbons. Glauconite graing are
readily trungported and sorted commonly forming
ercensands, Such deposits, wih the implivalion of
boltom ruerent action in addition to slow

sedinienalion, Also are counlerdmdiculors in
petrolcum spnrce ook imerpreation,

Results

'ables 1 unil 2 provide tesults of detérminations
of several of the parameters discussed shove lor
samples from The SADMIE Light | Well,. Adelaide
Plains Sub-basin. South Australia, and the Cambay
Well, Cambav Basin, India, tespectivelv. There
were no significant occurrences of crushed or
abraded Specimens in the counts we made, and
gypseous ierospherulites ware only searched lor
it the South Australian sumples, in which they were
uniformly rare.

The results indicate: that simifar numbers of
specimens were counted for both scts of samples;
that the carapace/vatbes 1atin is coustantly higher
i the Caymbay Well as is pyritisation; that the
percentage of fragments is much grearer and that
elancanite is only abundant i SADME Light 1;
that the perceniage of adolts 15 similar in both
sections — varying from 14.5-45% (mean 26,5%0)
m SADME Llight 1, and from 15-44% {mcan
33,4%0) in the Cambay Well.

The Jast statistics suggest that we ire dealing with
assemblages which have approsimately similar
population dynamics. and are predominantly
attochthonous tboth average about 70% juveniles).
Thusy, although the two wells are widely separated
geographically, they may fairly be compared using
ostracodes as indices for source rock charactenstics,

The combinarion of high peréentages of
carapuces amnd pyritisation in the Cambay Well
section especially in the lower Tarapur Shale and
m the Cambay Shule (Table 2) supgests rapid
sedimentation oftshore combined with g reducing
environmens in the presence of abundunt decaving
orgamic matter. As organic matter decays it uses
up available oxygen. This is conlirmed by e
results Irom the occasional valves of Krithe and
Parakrithe in the Cambay Well assemblages. 1nihc
upper Tarapur Shitle samples, above 1he
Eucene/Oltgocene boundary, the Krithe have small

Tauir L Some purameters of Oxtracoda in SADME [ight 1 Well, Agelaide Plainy Sub-basin, South Austraha;

recnsled in percent exeepd for ¥ and & o — abundant; @ - vommon; | = carapaces; 2 =

4 . plauconity; § = pyritication &

adnles; 3 - fragments:

numbers of specimen (the: figures (i parentheses are the numbers of specimuns

2ucluding fragmenis). the FoceneOligogens boundary is iadicared ar ihe base of the Kuwarune Member, Port Willunga
Farmarion (PWF),

4 2 k] b 6

Ruwarung Member, PWEF 4.6 331 451 d 12.0 217 (11R)
Ruwirung Member, PWE 8.4 14,5 30.0 El is 3104217
busal Ruwarung Y6 2.8 37.3 a 1.5 271 (16%)
wit Aldina Member, PWF 3.6 26.2 5.7 a 4.0 305 (135)
1o Aldinga Member, PWF 21 2Y.1 s34 a 1.3 285 (133)
top Aldingd Member. PWT 7.u 23 4 13.8 4 1°0 144?47l
tup Aldinga Member, PAVF 25.0 45 20.0 c an {3
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TABLE 2. Some parameters uf Ostroenda ik the Cambay

Well, Cumbay Basin, fndio, vecorded |1 percent except for

Jund 6. v — rare; MR — nol recorded. | = carapaces;

2 = adults; 3 = fragmenis 4 < glauconite; § -

nyntisasion; & - npmbers of specimens (including

feigments). The Eocens/Oligovene boundary iy indicuted
in lhe Tarapur Shale

1 2 3 4 5 b
Tarapur Sluale: 2 30 7 o 2 136
Tarapur Shale 49 36 13 T 37 178
{arapur Shale 43 N r 23 112
Tarapor Shale 2037 12 f 68 124
Tarapur Shale M B 18 N.R. 65 146
Tarapur Shale B2 1§ § N.R, 71 276
Cambay Shale 100 41 42  N.R. B2 I3
Cambay Shale  100- 41 28 N, 87 132
Cambay Shale 1000 29 37 N.R. 95 L33

vestibules indicative of a well oxygenated milien:
in the lower Tarapur Shale samples the Krirke have
viry funee vestibules which indivales an oxygen poor
{ur reducing) environment. Unfortunalely, no Krithe
or Parakrithe were identified in the three Cambay
Shale samples,

Onthe nither hand, indhe SADME Light 1 Well
section (Table 1) the percentase of carapaces is low
in all saniples (2.1-9.600) except the vldest {25Y)
stid the percentage of frigements bs agaificantly high
{(30,0-55.7%} except in the oldest sample (20%),
Further, glauconite 1s abundanc in all samples {it
is rare or not. recorded in the Camhay Well) except
the oldest sample, where it is common; am
pyritisation is always rarc except in the uppermos
sumple. These dala suggest thal marine
sedimentation in the SADME Light | Well arca
during kacene/Oligocene boundary 1ime ook plice
on 4 weil oxygenared outer shelf” chataclerised by
slow sedimentation; and relatively constant bottom
tsction — which pruduced the large numbers pf
shell frugment<. The vecisional Krithe which orgur
in these assemblages confirm the well oxygenated
nnlicu since 1they have small vestibules.

We cunelide thit, in lerms of the vstricode and
other parameiers we  lave studied, the
Eovaie/Ofigncenc boundary rone sedinients huve
sond petroteum potential in India bul little potential
in South Australia. This conclusion 35 consistent
with the drilling resulix. The Adelaide Pliins Sub-
kasin hus been extensively dsilled as part of a
thorough aquifer éxploration programne without
providing any satistactory Indications of petroleum
hydrocarbans 1n [ndia. the Cambay Basin is second
only 1o the Bombay Otishere Biesin in hydrocarhon
reserves s b Inclia’s lurgest onshote oilfields,
The source tacks arc located in offshore facies
imimediately belaw the bocene/Oligocene boundiry
and extending downwards inlo The Middle-Rarly
Facene sediments,

Detailed Angivsis — South Australiu

Tahle 3 provides. the results il a miore detailwl
analysis of the SADME Light 1 Well samples, This
analysis intioduces another paranicter, the pumber
of pstracodes pet gram of washings picked, uas well
as breaking down the assemblages imo lamilics and
analysing these botli compositionally and in terms
of the patamelers already studied lor the
assemblages as a whole. The prime objective is to
enuble & more precise  palacoccologicdl
interpreiation,

All the washings were weighed and then picked
for their ostracodes. In some cases, the entire
fraction had to be picked 10 vicld a satisfactory
vount {aboul 100-2(H) specimens) but in e
instance (Ihe stratigraphically lowest sample) even
this method viclded anly 40 specimens, including
fragmenls. In most samples, however, Osiracoda
wire so abundant that only a fraction of the
washings needed o be picked, This was The case
especiallv-with the two lowest samples from the
Ruwarung Member of the Port Willunpa
Formation. 'The richest sample was the middle
<umple of this Ruwarung Member series and the
poorest was the lowest Aldinga Momber sample

Iy terms oF ostracode diversity, mnst of 1he
samples seem very similar, having 19-20 species; but
the two lowest {Aldinga Member) samples are less
diverse can ying 15 and 11 species tespectively, Sinee
diversity can incteate signilicanly with higher
counts (Cronin 1984, Whatley & Downing 1983)
these diversity results do not warran! mare defailed
comment.

Taut b 3. Anolysiv af ostroeode relative abundaneas.m
selected famuiles for the SADME 1ight | 3ell fragupsentiag
03,7=99, 2% vf Jotof vsiracodes In ihie samples examined).
Duta  recerded in pervent. Also recorded  dre the
astracodesfem data. AG samples ocxamined (as b
‘lable 1), with A+ uppermost Ruwarung Member sampie
v G = lowest Aldinga Member sample, respectively.

Ostracode

Family A B & D E F
Bythocytheridae 1.8 0.0 40 9.5 {0.2 0.8 5.0
Cytberuridae 14.8 8.7 70131 109 9,0 12.%
Xestoleberilidae 6.2 123 100 3.3 3,2 .5 10,0
Tedchyleberididac 461 319 554 43.9 S1.9 8.6 15.0
Krithidae 0.0 23 3.0 0.3 0.0 04 Q0
Pomtacyprididac X3 210 92 145 105 6.2 W0
Pyralypoididae 00 33 85 0,0 0.0 0,0 00
Macroeyprididae 0.0 0.0 0.7 00 0.0 00 00
Bythooymididae 0.5 2.6 0.0 0.0 0.0 0.0 0.0
Cythercllidae 170 9.7 1. 174 10.0 19.F 5.0
o of toral

ostracndes YT U4T WYL Y90 YA Y93 Ul s

Qther Parorlenry
Ostracodes /i (lesy fragments)

L9 W8S 528 IV3 169 156 20
Ostracads<cam (nmvhuding avmeotsy

256 L35 B4 436 363 238 25
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Wherr lhe assemblages dre broken down into their
comnponent. familics it scems clear that the two
richest samiples (Ruwarung Member) represtnl an
oflshore, even outer shelf environment. Both carty
several specimens (7-8) of the genus Krithe which
15 chagnosie lor vuler shelf and deeper waters.
Additionally. the middle Ruwarung Member sample
{13, In Tahle 3} has the family Bythocyprididae
{genus Bythocvpris) which also s tvpicid of decp
water facies. This fauna occuis a hede higher than
the Eovene/Oligocene boundary ax determined on
foraminifera  (Lindsay 1969) thus  its
palaesoecological interpreiation s conststent
stnatigtaphically with what we kuow of ostravode
trends warldwide (Benson 1975) and with the data
from Ostracoda of the Willunga Embayment
(McKenzie, in Cooper 19791,

The dominant familics are the Trachyleberididac,
Cytheruridac Xestoleberididae, Pontocyprididae
and Cyiherellidae. Several other familices are
represented by so few specimens that they have not
been included. in. Table 3, which lists only the 10
st abundant families — representing 93,7%- 1o
099.20% of total pstracode assemblages. These poorly
represented  faniilies include Yosovonchilge,
Cytherldae (genus Loxocythere), Eucythenidae
(eenus Hotundracythere), leplocyiheridae,
Schizocytheridae (genus  PRaijenborchelia).
Surprisingly, no specimens of. Bairdiidae were
enudied although  this fumily 3s virtually
ubquitens In o marine facics. The abscnee of
Balrdlidae scems 10 be a Tocal variation because the
Family certainty occury in coeval sediments mm the
Willunga Embayment (McKenzie 1979).

Clearly, the most abundant family s 1he
Tractivlebetididae (Table 3): although 1§ is Jess
abundant (31.9%) in the richest sample (B) than in
the other sainiples (45-58.6%4). On thy ground, we
decided 1o study trachvleberidid data for the

Tamv A, Somne poramefers uf Trachyvieberididue in fhe
SADME Lighi 1 Weli, Deta recorded in perceni except
welumn 5§ which aives actual numbers of specimens
onalysed, § = carapaces; 2 = adults; 3 = [ragments;
4 - pyritisation. Thus, for the Ruwarung Membey, PWF
there arg: 2% carapaces, (980 valves); 30% adults (707
juveniles); 57% fragments: and a quartet of the specimens
are pyritised.

12 3 4 5

Ruwarung Member, PWE 2 M 57T 25 100
Ruwarung Member, PWF 3 B 40 10 99
tasal Rawarung Member 130 40 5 130
top Aldinga Member, PWF 1 30 63 7 134
Aldinga Member, PWF 4 22 635 6 148
Aldimga Member, I'WF T2 40 25 M3
Aldinga Member. PWT 22 331 o i8

parameters which-we uscd in the preceding more
genensl znalysis (Table 4).

We jpler, plavsibly, 1thal o (he uppermost
Ruwarttne Member sample bottom conditions were
reducing for at least pant of the tinie. This suggests
that elsawhere in the Eocene/Oligocene of Suuth
Austrulia the Eerly Oligocene might be a
prospective pecroliferous 2one if the sediments are
1hicker and also contuin high numbers of carapaces,
fewer fragments and much less glauconlte,

'The Encene/Oligocene boundary zone is alresdy
a drilling target off Gippsland. Victoria (Douglas
& Ferguson 1976) but with respeet 10 much thicker
sactions than veedr in the St Viancent Basin.
Unfortunately, our results tfrom SADME Light |
nffer anly shight encouragement for a morc inténsive
exploration . of this interval in South Australia

Compurisar with Qulerops

During QOctober 1983, we sampled the classic
coastal Eocene/Oligocene sections at Maslin Bay
and Aldinea Bay, South-Australia. Table § provides
a resume of the data on ostracode psrameters and
glaveonite for samples from this collection.

Although the SADME Lighs | Well (Tablz 1) was
much more closely sampled (over only 1.4 minilie
basal Ruwarung Member and only 22 m in e
upper Aldingu Member), the ostracode datg from
outcrops correspond rather well. In particular, the
porcentages of cardpaces for the fwo lowest Aldings
Member samples of SADME Lighl | {locaied abuul
1.6-2.0 m below the basal Ruwarung Member
sumple) are siniilar in e two outcra) samples Irom
the Aldinga Member {(Table §), Generally, the
outerofy saniples are less pyeitdsed.

Canclusions

QOstracode parameters, reinforced with cvidenre
(tom pyrite, gypsum and glauconite can be used
indicate petrolenm source rck potential n 1he
enclosing sediments,

1. A high perceitage of carapaces indicates apid
hrial,

2. Large pereentages of adualts and juveniles (with
juveniles. dominant) indicates: 4 rnostly
antachrhonous commumnity,

1. A low percentage of fragntents lndicates low
cheney and minimal boltow cucrcals/traction,

4. A tigh percenlage of pyritisation ol ostracode
carapaces and valves indicates = reducing
environment; as do diagenetic pvrite amd gypsum
in the enclosing sediments.

These several choracleristics all imbivale goud

petrcleum source rock potential as oor extended

digcussion has made clear.
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IANE 5. Sonte purameters of Ostrecoda, plus glaucanite in onterops of Alduga Bay, Soith Australla, recorded

i pereent excepd for 5. v ~ trace; | o= carapaces: 2 =

adulis; 3

fragmentss 4 plaugunlie; 5 = pyrisations

6 - number of <pecimens (the figuras in pareatheses are e wwabers o] specuieny excluding sragments). The
EncenesOligecene boundary is indicated,

1 2 3 4 5 -6
3 m abave hase of Ruwaiung Meamber 114 .z 528 | mif 237 {112)
3 ¢my below 10p of Alding: Member 8.9 A58 50,9 12.5 1 236:(116)
4 m above base of Aldings Member 25.0 235.0 415 L il 164 (90)
2 m belaw top of Gull Rack Member 124 15.1 4.6 30 il 125 (i69)

In the exemplar series, astracode parameters and
high pyritisation all confirm the high pefrolenm
sodrce 1ock potential OF the Eocene/Oligocene
haundary zone in the Cambay Well, India. Onthe
other hand, i the SADME. Light | Well, South
Australii, and in outerop samples from South
Australia the only positive correlations are with the
dominantly  avtochihonous  community
characteristic (2., above), Tn other respeets, the
Australian samples ol il Eocetre/Oligocene
boundary zone cot relite negatively with indications
of poud petroleum source rock potential, Likewisc,
elauconite, which s counter-indicative of
petrolenin source rock polential, is penerally
comimon to abundant in ihe Ansiraliun exemplar
samples but is not recorded or rare i the Cambay
Well,

It is not surprising, therefore; that the Cambay
Basin is India’s mujur onshore oilfeld in
Eocene/(Migocene straia whereas South Australia
is non-productive for this mnterval in the section
concerned. Our present methodology appears 1o be
as offective for the Bacenc/Oligacedc of Indit and
Austrdlia in the areas testéd as similur bul less
detailed methods have proved previously in the
Turonian-Coniacian of Bohemia (Poknrny 1065),
the Neueomian-Aptian of southwestemn France

rerth 1971, the Maastrichtian- Palaeogene of

Mozambique (Oerth 1971} and Bathonian-Tertiary
ul Iadla (Guha 1983).

Finally, when these paratneters are teassessed for
samples 1 which the Oseracodi huve been divided
inter thelr companent famities as done (K.G .M. for
she SADME Light | Well, the restlts allow. in

opportunity 1o achieve o vonsisient but more
detailed palaeoecological interpretation than could
resudt fram the gross data alone.

Acknowledgments

0. K. Guhy gcknowledzaes with gratitude siupport
fromy the Atstralia/ Indig Scienve and Technology
Agreement enabling his visit to Riverina-Mutray
Institute of Higher Hducation {R. M. H.L.E.J where
the joint project was carried out, Both authors arc
grateful 1o Mr J. M. Linday and 127 B. ). Couper,
South Austrabian Depaniment of Mines and Energy
(SADME), and to Dr B. McGowran, Departuent
of Geology and Geophysics, the University of
Adelaide tor guiding themn throuph the classic
Tertiary sections at Maslin Bay and Aldinga Buy,
near Port Willunga, South Ausiralia. Mr J. M.
Lindsay is also thanked for loaning jhe samples
from SADME Light 1 Well, and tor his con-
structive-comients un the paper. Professor 1. P
Peypauquet, Université de Bordeaux, i3 thanked
for a pertinent review., K, G. McKenrzie
acknowledpes ARGS Grani No. ES0 15287, 1. K.
Guha publishes with permisston from 1the Gener:sl
Manager, Oil and Natural Gas Commission, India.
Some Tubles and the two Figures for thiy pisper
were Cxhiblied at the 8th Australian Geological
Congress, held at Fliaders University, Bedlord
Park. Soutl Ausiralia, during February 1986,
K. G. McKenzie acknuwiedges support from the
R.M.ILH.E. Siaff Develapment Prograuhe
enabling his uttendanée 4t the Congress, Mrs Tan
Seaman und M¢ Colleen Scherry typed ihe
MUnUsCTIipl,

References

ALADING N, V. (19833 O the displucemens nf the erinical
salinily barrier in the Casplan and Al Seas, e
Bruanchiopoda and O3 racoda lahen as caamples. Zoal,
A, 62, HRO-694; {In Riussidn),

— {1984) Salinily adaptations und osmureenlation
shilitics of Ostracoda fiom the Blick und Asov Seas.
Zool. 2. 63, 185-190. (In Russian).

Brasts. R. H. (1975) The origin of 1he psychiasphicre
av recorded in chahpes ol deepasga dyiracode
swembiiges, Lethuld 8, H9-RY,

Conprr, B J, {1977) New nd revised stratigraph
nemenchature for the Willnoga kmnbayinent Q. geul.
Nates, geol, v, 8, st 64. 25,
(1979} Tocene 1o Miocent sirdigraphy of ihe
Willunga Embayment. Rep, invest,, geol Surv. §,
Ausi. 56,

= (1988) bt Copucne S0 Vingenl Basin —
fectonicy, structure, rahigranhy, fa Tindsay: §, M
(Ed.} "Stratigraphy, palacontology, malacology. papery
in honour of I3 Nell Ludbrook,” Spve, $ubf, 8. 4uss
Dept. Miney it Engrgy 5, 35-4¢




USITRACODA AS INDICATORS OF PETROLEUM POTENTIAL 23

UrnNiy, T, M. {1983) Haihysl osteacodés from tlie
Florids-Hatteras slope, the Strdits of Florida, and ihe
Hlake Plateau, Mar. Micropaleont; 8, 89-119,

Dovze, P.. Couiy, 1. 0., DasMotTe, R, OrrTE HL S,
PryrouguEt, J-Po & Saib, R, (1982) Les Ostracodes
du Campanien terminal a 1'Eocene Inférieur de la
Coupe duKet, Tunisic Nord-Occidentale. Bull, Cént.
Réch. Explor. Prod, Elif Aquitanine 6, 273335,

Davcias, o Co & Ferauson, )i AL (Eds) (1976)
“Geology ol Victoria™. Spec. Publ. Geol. Soc. Aust. S.

Gargers, R M, & [ revian, AC(E984) Coupling of the
sedimentary-sultur and carbon cyeles — an improved
moadel, Amer, J, Sci, 284, U89-1007,

Gi'hia, 12 K. (198)) Use of Mesozoic and Tertiary Indian
Ostrrcodda in it exploration. pp. 437-441. In
Maddocks, R, F.{Ed.) "Applications of Ostracods'”
itinty, Housion Cicoscience, Houston),

& PANpEy, 3. (1980)  Palseontulogy,
<edimentation and patacoenvironment of Oligocene
sediineniy in soudhwest Gujarat, J. Palgeont; Noc. Ind.
23/24, 156-168,

— & SiNaH, No P [1980) Biostratigraphy and
palacoenviranments of the subsurface Paleogene
sediments of Cambay-Kathana-Sisva area. Gujarat.
Proc, 3rd. tnd, Geol. Cong, Poona, 1980, 221-234.

1aRRis, W. K. (1985) Middic 10 Lae Epcene
depositional cycles and dinoflageltate zones in southern
Australia. Spec, Publ 8. Aust. Dept. Mines and Energy
S, 133044,

How, Y. T (1982) Cretaccous- Uertiary biostratigraphy
and petroleum prospecting of eastern China. Proc.
Svimp. Petrol, Gepsel. Acad. Sin., Div. Earth Sci,,
Aevid. Sia., 97-105.

Linpsay, 1. M. (1967) Foranunifera and strarigraphy of
the type section of Pori Willunga Beds, Aldinga Bay,
South Australia. Trans, R. Soc, 8, Aust, 91, 93-110.

——— (1969} Cainozoic foraminifers and siratigraphy
of the Adelaide Plains Sub-Basin, Soath Australia.
Buli Geol. Surv. S. AAusi, 42,

(1985) Aspears of South Australian Tertiary

foranimfcral biosleatigraphy, with emphasis on stutlies

of Massilina and Subboting. Spee, Publ., S, Aust, Dept,

Mines and Energy 5, 187.232,

& McGowras, B (1986) Eocene/Oligocene
hovndary, Adelaide region, South Australia. Jn
Pomerol, C. and Premoli-Silva, 1. (Eds) *Terminal
[ocene evenis®, pr. 163-17]. (Elsevier, Amsterdam).

MoKenzie, K. G, (1974) Cainozoic 'Ostracoda of
southeastern Australia, with the description of
Hanaicerating n. gen, Geoscf, & Muan 6, 153-182.

(1979) Appendix 2. Notes on Qstracoda from

Willungy Embayment borcholes W LG 38, WG 40 and
WL.G 42. In Cooper, B, 1. (Ed.) Euvens 10 Minosne
stratigraphy of the Willunga Eimnabayment, Rep.
Invest., Geol. Surv. S. Aust, 50, 90-101.

(1986) Ostracoda: new aspects nf theit

biogeougruphy. In Heok, K. L., Ir. & Gote, R H. ([ds)

“Crustaccan Assues 4, Crustavein Bioggography™

(Balkema; Rotterdam),

& Peveouner, J-Po (1984)  Oceanic
palacoenviconment of the Miocene Fyansford
Formation from Fossil Besach, near Mornington.
Victoria, o the basis:of Osracoda. Jlicheringa K.
291-303.

Orr7el, He L {8971) The aspect of Ostracoda faunis —
a possible new ool ia petrpleum prospecting, Jn Oertli,
H. J. (Ed.) "Palévevologie des Osiracodes”, Bull. Cene.
Réch. Pau-SNEA S (suppl.). 137-147,

PeyponourtI-P. (1977) Les Ostracodes et la
coiinalssance des paléomilieux profonds. Applicalion
ay Cénozoigue de NAtlamique noid-oriental, These
docrarat d’Etar des Sciences, Uniy. Bordeaus, 443 pp.

(1979) Ostracodes et palévenvironments.

Mcthodolgie ef application aux domaines profondy du

Cénozoique, Bull, B.R.G.M. (2nd Ser.) Seci. IV b,

3-79,

. Ducasse, O,, GAYET, J. & PraTvia, L. (19800
“Agradation el dégradation™ des (ests d'Ostracodes.
Intérét pour la connaissance de 1'évolufion
paléohydrologigue des domainey margino-hlioruux
carbonates. {m “Cristallisation, Déformation,
12issolntion des Carbonales” réunion orgainisee par le

Grouwpe d'Bjude des Systéms Carbonates, Univ.

Bordeaux, 357-369,

- Drrasse, €O, & Gaver, ). (1982) Les Qstracodes
et la. paléohydrologie, paléogéugraphie et Ju
paléoclimatologie logs de 1a crise Bocéne-Oligocéne dans
I'Atlantigue Nord-Oriental, fn Gallitelli, E. M, (l:df
"Halaeontology, essential of Historical Geology™. il
Soc. Puleoni, Irul. 20, 97-121.

POVERGL, C. & PREMOLE-SUVA, (kds) (1986) “Termunal
Eocene events”, (Clsevier, Amsicrdam). )
Porogny, V: (1965) Somne palacoccelogical problems in
marine ositacode faupas, demonstrated on the Upper
Cretaccous ostracodes of Bohemia, Czechoslovakia, /i
Puri,, H, 8. {Ed.) “Ostracods- as Ecological and
Palacoecological Indicalors”, Pubbl, Siaz. Zool.

Nupoli 23 suppl,, 462419,

REYMENT, R. A, {1971) “Introduction to Quaniitaiive
Palececnlogy™. (Elsevier. Lundon),

WHATLEY, K. C. & DOwNING, T, 11983) Middic Miocene
Ostracoda from Victorly, Audlrulia  Rei esp.
Micropaleont, 15(3), 347-407,



THE CLASSIFICATION OF THE MITE FAMILIES TROMBELLIDAE AND
JOHNSTONIANIDAE AND RELATED GROUPS, WITH THE
DESCRIPTION OF A NEW LARVA (ACARINA: TROMBELLIDAE:
NOTHROTROMBIDIUM) FROM NORTH AMERICA

BY R. V. SoutHCOoTT*

Summary

Amongst the Trombidioidea an unnamed family group containing Trombellidae, Chyzeriidae and
Audyanidae Fam. nov. is recognized; these families are defined and keys provided for the larvae of
the families, subfamilies and genera. The Johnstonianidae is examined, and three new subfamilies,
Tetrathrombiinae, Pteridopodinae and Ralphaudyninae are established, with Ralphaudyna
Vercammen-Grandjean et al., 1974 being transferred to the Johnstonianidae.

Ralphaudyna amamiensis Vercammen-Grandjean, Kumada, Newell, Robaux & Suzuki is recorded
from a second Japanese location, as an ectoparasite on the gryllacridoid Tachycines robustus Ander
(Orthoptera, Rhaphidophoridae). Further metric and descriptive data are given for this larval mite.
Nothrotrombidium treati sp. nov., larva {Acarina: Trombellidae) is described from a single
specimen found dead on a noctuid moth Spaelotis clandestina (Harris) (Lepidoptera: Noctuidae) at
Tyringham, Mass., U.S.A.

This is the first record of this genus in North America, previously recorded from Europe and South
America, as well as Madeira, in the Atlantic Ocean, and Asia.

KEY WORDS: Taxonomy, Nothrotrombidium, Ralphaudyna, larva, North America. Japan,
Acarina, Trombidioidea.



